Attorney Docket No. TAV2036/030298 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Art Unit: 1742 
Exmninenp; WysEomierskif 



In re Application of: 
Cao et al. 

Serial No.: 10/679,899 

Filing Date: October 6. 2003 



NICKEL-BASE ALLOYS AND 
METHODS OF HEAT TREATING 
NICKEL-BASE ALLOYS 



DECLARATION OF RICHARD L. KENNEDY 
UNDER 37C.F.R.S1.132 . _ 

December 2. 2005 



Mail Stop Amendment 

Commissioner for Patents 

P.O.Box 1450 - - I -, 

Alexandria, VA 223 13- 1 450 . ; 

Dear Sir : 

L Richard L. Kennedy, declare as follows: 



1. I am one of the inventors I isted in U.S. Application Serial No. 1 0/679,899, : 
filed 6 October 2003 C'Subject Application"). 

2. I obtained my Bachelor of Science Degree in Metallurgical Engineering from 
Michigan State University in 1 962 and my Master of Science Degree in Metallurgical " 
Engineering from North Carolina State University in 1965. 
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3. - I have been employed by ATI Allvac of Monroe North Carolina, United States 
of America C'Allvac'') since Februar>', 1965 and continue to be employed by ATI Allvac. 
My current position with Allvac is Vice-President, Research & DevelopmenL 

4. . Under my direction, three samples of Alloy 71 8Plus, which is commercially 
available from Allvac, and has ai composition falling within the composition set forth in claim 
26 of the Subject Application, were heat treated as set forth in Table 1 below. After heat 
treatment, the stress rupture life at 1 300T and 80 ksi arid elongation for each of the samples - ' 

was tested according to ASTM K292. The results of this testing are also listed in Table 1 

beiow.:;:; V- 

Table 1: 



Heat Treatment " " 


Stress Rupture, 
1300''F/80 ksl 


Sample No. 


Solution 
Treatment 


AgiDg Treatment 


Life 
Hrs 


EL 

% 


1 


1750°Fx 1 hr 


1450°Fx2hrs. 
Furnace Cool 
at IOO°F/Krto 
. 1200'F. 
hold at 1200°F for 8 
hrs, Air Cool. 


356.1 


42.6 


2 


1800°Fx 1 hr 


372.5 


.-. 34-1 


3 


1900°Fx I hr 


0.4 


"NB* 



* notch break 



5; As indicated in Table I, the only difference in processing among Samples K 2 
and 3 was the use of different solution treatment temperatures. Further, as evident from the 
test data in Table I , Sample 3 had a substantially lower stress nipture life at I300T and 80 
ksi; than either of Samples 1 and Samples 2. Sample 3 also displayed notch brittle behavior 
in that it broke at the notch during testing, whereas Samples 1 and 2 displayed low notch- 
sensitivity in that they did not break at the notch during testing, : 
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,.-.y.--^-:j4c^k6. Further, under my direction, scanning electron micrographs (presented below) 
■ were taken of Samples I and 3 listed in Table L . In the micrographs presented below, ' J - 
•Micrograph T. is a representative scanning electron micrograph of Sample 3 and 
* Micrograph 2' is "a representative scanning electron micrograph of Sample 1 . . 

Micrograph 1 , . I „ 




Micrograph 2 
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7. In the foregoing micrographs, no grain boundary precipitates are visible in 
Micrograph 1, whereas grain boundary precipitates are visible in Micrograph 2. 

8. Based on my review of the data in Table 1 and Micrographs 1 and 2, 1 
conclude as follows. The use of the 1900''F solution treatment temperature for Sample 3 
resulted in the formation of microstructure that was devoid of 8-phase and/or r| -phase i 
precipitates in the grain boundaries. As a consequence of this microstructure, Sample 3 
displayed an extremely low stress rupture life and undesirable notch brittle behavior^ In 
contrast, the use ofthe I TSO'^F solution treatment temperature for Sample 1 resulted. in.the . . 
formation of microstructure having 5-phase and/or n-phase precipitates in tlie grain 
boundaries. As a consequence of this microstructure, Sample I had significantly improved i 
stress rupture life as compared to Sample 3, and desirable notch ductile behavior. Further/s: r ii 
based on the stress rupture life and elongatioti properties of Sample 2. it is believed tltat 
Sample 2, which was solution treated at ISOO^F. also developed a microstructure having 8- r;; 
phase and/or r|*phase precipitates in the grain boundaries, 

9. I further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; l ;^ 
and further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 

under Section 1 001 of Title 18 of the United States Code and that such willful false : 
statements may jeopardize the validity of the application or document or any 

. r- \ ^- ■■■■■■ ■ ' ■■ ■ ■ \ i! ! > 

registration resulting therefrom. 
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THE HIGH miPERATUR^ STABIUTY OF IN718 DERIVAITVE ALLOYS 



Jorge A. Manriqoez. Peter L. Brett, Uw Pabenberg and John K. Hen . t 

The University of Texas at Austin 
Strateric Mataials R&D Laboratory 
ETC n 8.102 
Austin. IX 78712 



mexcellentf^toabilityandadeq^ 
thewideqmMduseofIN718asaturUeeogmeidcn^^ 

newdemiidsforanalloy.however.whichex^^^^ 



S^&3S^e±/linut. of the methodology employed to devdop Hconoy . 
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IN7 1 8 is a high strength, precipitation-hafidened Ni-base superalloy fliat over a period of almost 
30 years has gained huge acceptance for intennediate tea4)CTaturc applications in the aircraft 
industry. It accounts for roughly 35% of all actual wrought sup«:alloy production. However, a 
set of gc^ oudined by the jet engihe industry [1]» which includes among its requir^ents the 
psg ynflfffrffllg wfh higher temperature limit higher hot conx)sion resistance and lower density, 
is threatening the continued use of this alloy. One ofthe major limitations ofIN718 is its lower 
ceiling temperature relative to other Ni-base alloys. It is known that this temp^ture limit is 
imposed by the microstructural instabilities that occur fairly rapidly at temperatures in excess of 

For several yean, research [2-4] has been focused on elevating this ceiling temperature via the 
development of a more stable mioostructure. The methodology used to develop TicoIIoy is an 
inaease of the Al/n and (Al+Ti)/Nb ratios in IN718 in order to achieve both a reduction in the 
coarsening rate of the metastable phase Y ' & retardation on the formation of the more stable 
(equilibnum phase) 5 phase [3]. 

TTie results presented herein are two-fold: first, preliminary baseline mechanical property data 
is presented to Mghlight die inq)roved strength and microstructural stability of TicoIIoy. 
Secondly, results of a coarsening study for four Hcolloy derivative alloys are presented in an 
effort to demcmstxate a fiirdser improvraoent in microstructural staUli^ over TicoUoy. 



Experimental 

Figure 1 shows the cfaemisuy of TIcoDoy , standard IN718 and die series of four new alloys (13- 
16). As can be seen, not only were the AJ/Ti and (Al+Ti)/Nb atomdc ratios of die four new alloys 
increased with respect to TicoIIoy, but the total strengtiiening elements (Al+Ti+Nb) also were 
increased* Therestof thecooqwsition (at%)of all alloys is basically that of a standard IN718 
alloy: l«(52.52)+Ffc(18.96)+Q(19^1)+Mo(L83)+C(0.15)+Aia^ 
istfaeaveragecompositionof Alloy 13. Fcomthis» Al, Hand Nbooatents were varied at die 
eaqiense of Ni content 
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Al+Ti+Nb (at%) 


IN718 


5.43 


HcoUoy 


6.75 


AUoylS 


6.62 


Alloy 14 


6.87 


Alloy 15 


7.23 


Alloy 16 


7.47 
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Kgure 1: Strengfliening element atonuc ratios of a standard IN718, TicoIIoy and four new 
derivative alloys used an titis study. 



A master billet of Super IN7 1 8 was supplied courtesy of die Wyman-Qordon Company (W GQ 
to be used as die base material for IN718 and TicoIIoy in mitial material characterization. The 
billet was cut into smaller sections, vacuum induction melted (VIM) and alloyed to the desired 
TicoIIoy chemisuy courtesy of Spedal Metals Corporation (SMQ, Alloys were also vacuum 
arc remelted (VAR) into ingots weighing approximately 15 pounds each. Forging was done 
courtesy of WGC After initial characterization, an additionalheatofTicoIIoy produced at SMC 
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.^A tnc^^ vjnr nnrt a heat of IN718. furnished by WGG, were used for tetisUe, creep/stress 

quentiy these ingots were forged courtesy of the Cameron Forge Ooinpany. 

Initial chiiacterization involved hjodness evaluation of samples aged up to eOOhoure at76(yC 

dL^^ Sl^KackgrowthsinplesaUreceiyed 

S^ISt 718»Sre^FC55«Cperho^to621/621°C 8 hours/ aircooL Samplesforhydrogen 
SS^mty wSeh^tSsVS^^^ 1037OCfor30min ACy760 

oC10hrs/FC55*Cperhr/648 "C lOhrs/AC 

Grade oowth rates were measured for TicoIIoy and IN718 at 650°a Testing samples were 
gdSlSSSdirSs notched on one surface. <>ack length w^&enmomtoredmt^ 
SSTrensiletesting was done at scveial temperature; up to TSS^C using non-ASTM 
Srf ieSSs due to^the limited availabiHty of mateoal Qeep/stie«! rup toe tes^ were 
oeiformed at 677 To evaluate hydrogen susceptibility, both smooth and nottjbed bar tenale 
fS^Se ^at Snbient ten^peraLes in both a 34.5 MPa.hydiogen enviionment and a 
34.S MPa He enviconinent 

R>r coarsening studies, small samples (1x1x2 cm3) of fdloys 13-16 were cut and then homog- 
S3Sl2<PCforoftehour fonowedby waterquenchint AfterhomogMizanonAesan^tes 
^aSi«760*>Cfortimestom22uplo600hourstoproduce&^^^ 
y^SS^oaiiaydsTf the samples was done using optical miacosoopy igM) as ^dlas 
IciSg^tton Microscopy {Sm.). The miaoslnictuie rfje heal ^^ted Mii^tes ^ 
ScSized using a transmission electron microsome CTEM) operated at Ig^^Vwd 
SSST4ergydi^crsivespectiosc(yy(EDS andyzoj ^^Jjf,^ 

S?SepiT5>ared5^^ SS'lf •^^'"^iS^^^ 
SS^^tttides the [001] zoneaxis was used toproducedaricfieldi^ About 700-2000 

SSite?^?inSffeient(100>y^^ 

K^S^^idSnSS coitebtedSss of precipitates was done followmg a convcntKwial 
gecnnetric tedinique [6]. 



]^ftehiinfe«l Pnmertv Evaluation 

Hardness data has been con^iled for aged sanmks and results show ^ DJ718 «diibite a 
iSS2^essbefore600hoursat760«Cv;^eteasTia)U(V«:t^^ 
tiSto^secHgureZ Tensiledatacontoa25«Ciimroveinentmstrengthwithconq,arabl6 

dncdliiy to IN718 in tiie tcmpeauture range tested, see Figure 3. 

Figme4showstheicsultsof crack growth measm«aients. T^j^^^^'^fl^^thD^ 
totoanoypeifotmedbettcr.Crackiatesmeasittedmt^ 

and TicoUoy^w a popble orientation depc^enc^ Oc^ c direction was 

slower for TicoUoy, hovSever. crack giowdi in the '^tT dnecbon was fester. 

BecanseTicdIoyhasahigherAl»ntentthanIN718.tfiedi^ 

notadequatelypreciiritateoutanT' phase. Hence, popompdhetttr^toiOTtfOT^^ 

deSSffi^resultscoitatiiatenqdcmn^^^ 

550c per hour to 648''C/648*C 8 hoots /air cool yields aTicoHoy wth ."Jetag^t 

JittomSfSiation. Figure 6, m modified heat treatment inay further irnprove some of the 

meduuucal properties of TicoUoy. 

Hydrogen susceptiWliiy was evaluated for Ticolloy using "^^^^^S^^^di^^^K 
amroiffihed the optimiaidriCQnoy heat treatment As the resulte m Table ^^^^ nS^- 
ffl^arativelbsolutetensilc strength, and great^duc^^ 
izeddattshowedapoorerpcrformanceforTicolloytfaanforlN7l8,H^ 

H2 suscqrtiWfity tiian IN718, 
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The comparative results for TicoUoy and IN7 1 8 stress ruptnre lives show a slight 
over iN718 in ruptate times dt 677^ see Hgure 7. 
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Figure 2: Rockwell C hanlness data for 
IN718 and TlcoUoy aged at 760 for 
different times. Aplati^uinthehazdness 
for TlcoUoy is observed where tibeicis a 
decrease in hardness for IN718. 



Figure 3: Ultimate Tensile Stzengdis 
for IN718 and Iicolloy for tempera- 
tares fiomambi&nt to 788 
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Figure4: Crack gtowthdataforlNTIS 
and TlcoUoy run at 650 **C 
widi 1*5 sec to load, 90 sec hold on 
load, and 1«S sec to off load 




Hgure S: Cross section of crack 
growth spedmcn showing "a" and 
"c" directions of czadc growdi. 
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TfiosUe data from hydrogctt susceptibility tests conducted at ambieat temperature, and 34.5 
MPa and 34.y MPa He eavircHiments. 
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Figure 7: S tress nroture data showing ko- 
pioved Hf edmes for llcollay. All tests 
were conducted at 677 



Figure 6: Hardness data for TlcoUoy heat 
treated at various aging teoDperatures* Ag* 
ing times were dg^t hours for each aging 
step, 

nnargftninf Results 

OM as weU as SEM analysis revealed that the homogenization treatment used was sufficient to 
dissolve most second phase partidejS (all except carbides) and produce a homogenous mato 
xnade up oflarge(^)pxox.l50Miequiaxed grains. It was noticed that a considerable number 
of twin boundaries were present in all samples alter homogenizauon. 

Selective area electron difl&action (S AED) and dark field imaging (DEO ^ 

aces w to 600 hours at the microstructmes of the four alloys, 13 through 16 consist of 

sphedod Y (Ll2). disc shapedy ' (0022) and plaie-like 8 (DOa) pamdes dispersed in an fee 

As has been prtjvioasl y reported [3] . the 7* particles consistently predpitatedand gpjw on ^of 
the r particles. From a TEM analysis on samples with the 100 boors at '^O^^agmg treatront 
it wasdetetmined that the percent of y particles which have a rpamde attached to its sortwe 
increased fiom about 50% for the standard IN718 to ahnost 100% for die four new alloys. Tins 
tiendholdsfor odieragingtimesstadiedin tins work. HgurcSshowsdierruOTStructaretf ^ 
14aftcr600 hoars at 760°C Figure 9 showsahighmagnificattoniniageofttennOT>stra^ 
insamealloy. Itisdearhetethatiftficieisainatrixlayerbetweenihcr and f partidesithas 
to have a dii(±aess of less dian diree unit cells (q>prDX. IQA). 
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Hguie 10 shows the coarsening behavior of y particles at 760 in IN718, TicoIIoy, and in 
alloys 13 through 16. It is obsoved that particle coalescence had an effect in the average parucle 
size in alloys 13 through 16 at long timessThe data for IN718 and TicoUoy was obtained wdi 
coalesced particles treated as two or more individual smaller particles whenever it was possible 
to recognize tfiem as such [3], For die four alloys in die present study (13 though 16), coalesced 
particiS were treated as single paitiHes to take in account die effect of particle coalescence on 
the coarsening behavior of uie 7" predintates* 




O^Hm 

Figme 8: TEM micrograph showing tfieprc- 
dpitate morphology in aUoy 14 after 600 
hours at760®C RoundedpartidesareY and 
disc-shaped particles are'f* After 600 hours 
one of die duee Y* variants was doooinant 



0.1 )im 

Figure 9: A high magnification TEM nnciD- 
graph showing detail of y/f inter&ce in 
same saiEple as Figure 8. 
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Figure 10- Y" particle sizeat760^asafuncdon of lime. Note fliat at 600 hours, tfie coarsening 

ofV in aUoys 13 through 16 deviates torn the linear behavior as predicted by the 

See text for the explanation of Ae high 7" P size in aflpys 13 through 1 6 at 600 hours. 
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T. • • » .J ^r^t^ th„t in flllovs 13 throurii 16, one of the three diffeicot y" variants 
? « *° ™^„^S fas^Se the other two variants were uiislable and 

^?SSwe?f^d in aU four afioys. As it has bewi largety rq«rted 171. «>nes denuded of 
7" were found around the 5 particles. Hus is seen in Figure 12. 
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Figure 1 1: TEM ndcrogiaphs showing the P^fj^^^^^f^^^^""^ 76? ^faidS 
(only two variants shown here) in sample l4heattreat^for22boursat 7W C ^^^ 
15hSSSSfe600hoursat760«c8»^ The diffiaction pattern is included to show the 

intamdes of eadi vaziant 
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Figorei2:TEMini<TOgniphshoOTngthcdenudedzoneaio^ 
^ in san^te 13 treated for 600 hours at 760 *C 



THsenssion 



Tlieolateantteervedin the hardness dataconmUedfOT^^ ^^'^^'^''''S!^ 

^S^^einstabifitiesintrinsictoX^^ T^^^T'^^S'!^^^ 
S^toSidnessexMbitBdbyIN718wilhinAesameiangerfagmg^^ 

sSrlKorshowingto^n^/edstrengthforTlw^^^ 
oSSrcsultsare inwnclusive due to the depends 

m Sbe attributed to the preferendal precipitate gro^ ^ffS°T!?:,??5^L5^bJ^ 
Smt Ui alloys 13 through 16, Hie stress-rupture life behavior of 1N718 has 
S^iJidSend^i^^ IN718 AowsabreakK>fiFine3cpectediupturehfe^ 
feStedtorSffiSllfiiniadon. Iaane»«tod^iirineasiimlar dropo^^ 
TnSy^s rupture tests were run. Tlie results showed a slight miprov^nt ui thc^ 
^SfdSrSSSiin coarsening kmeticsforTicoHoy. However, mote tesdng is r^un^ 
J^Efly^Stthisdiopoffphenomenon. Hydrogen susc(5>tiWlilyda»has^wna« 
Se^^rfSm phase. whSi is greatly reduced in TIcoUoj;. may not be conttolln^ 6e 
^SSSSSSyinttehydrog^viconinent Futthertestingisrequiredtocharactenze 

thebehaviOT. 



TTie criterion on wWch die series of IN718derivadveanoysandudmgT1w^^ 
i^S^wOTdesigned.istiiatbyincreasingtheamountofypliascp^^ 
S?»SS^ecoar^gratesofthoser'partidesareeEfectivdyr^^ Theieaamfcr 

^is^SS^l^SSIiatastheamoiitWwCpar^ 
^Sffi^f&riS^ms&omasinaUparti^ 

^ZKmoredifBcHlL Thiscritedonprovesooncctifitisoonsideieddiatingom^ 
SffiS^^^large increase Si die percent off//" events,^ corresponding to a laree 
2d«jdonft.OT^oneS^ofmagmtttde)o£d^^ ^'"^'52! 
^Xys^KSil6AeincrSinthepercent<rf^^ 
the reduction percent of die Y • coarsening rates. 

The increase in the y pardcle sizes on alloys 13 tiirough 16 for times longer than 300 houre is 
SySbecS^^by&ecoalescenceofpartid". AsseeninHg^U.forlongto^^e 
l^SlSSies dofcant and as a cons^uence the conned ^^S^^Jf "^g^ ^ 
LKce results in a larger particle size. Because of tius high particle coalescence, the 
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S to phenomena ndght be cans*! by elastic effects. 

N7 18 was desired as a r s-n^-^^-f ^dt Si KcS'oM 
)pendng ceiling temperature. The P^^^f^J^f J^^^^^ improved by promoting 
«pport lo hypothesis that the m«;hamcalprqpe^ l^SSfSy b the*^four ne4 

t stable ™!?«^ ^SZSJ^VSjS^S f^^tor to 



Snmmarv 



dJc^hbweva, noiinalized data shows no improvement for TicoUoy. 

have hi^er AVK n^o gh 1 6 showed a mictostnictmc with a pief ^ed 



JLlCUUUjr lOiixva ^— 

a rapid increase in the average size. 



Mtas would 'aS'Wff^^^jBe the^^ 4„ WyBlB. 

Pftfigrenoes 

S^^SaIMB. 1988). 173-181 
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